Lymphatic edema is the disease which is caused by the difficulty of lymphkinesis. By lymphokinetic disorder, lymph gradually accumulates in intracellular space, with continuous pain and fever. Accurate data acquisition needs high costs and large equipment, but a tape measure by doctors' hands provides less accurate results, because of tension variation. In order to overcome such problems, we developed a measurement system that can measure the shape of the limbs without contact by the light-section method.
Introduction
Lymphatic edema is the disease which is caused by the difficulty of lymphkinesis and accumulated between skin surface area and capillary density. It leads to pain and fever. Lymphatic edema is increasingly recognized as a common side effect of cancer treatment, especially in breast and gynecic organs, with filarial infection responsible for most cases worldwide [1] . Today, there are more than hundred thousand patients in Japan. It is important to discover the symptom in an early stage and to begin the medical treatment as early as possible. The edema is quantitatively measured by MRI or CT which need high cost and large space, and X-ray exposure. Instead of such instruments a tape measure has been used in daily medical examination, because of the cost and time saving. However it has a drawback that doctors measure limbs with different tensions, which results different measurement values. Accurate measurement of limb volume is considered crucial to lymphatic edema management [1] , [2] . A useful measurement system, which can measure not only the circumference but also the shape of the limbs, has been expected.
Plan
The patients of lymphatic edema have to be examined with supine, because they cannot keep standing. In order to measure the shape of the each lower limb, we made the shape of the equipment ( Fig.1, 2 ). Hereafter we can move the device along the limb axis continuously and observe the shape of the limb. It will give useful information for clinicians. Fig.1 How to use the measurement system. The measurement system is set over the limb of patient and measures its shape. 
Measurement system
We developed a cross-section measurement system, which can measure the limb smaller than 250 mm in diameter, or 750 mm in circumference. It has two green line-lasers, two USB cameras, and several mirrors.
Downsizing
Considering the width of a bed and limbs of patients, the system is downsized by using mirrors which reflect light and image (Fig.3 (1) ). The system is downsized; 184 mm the height, 78 mm the width by using mirrors (Fig.3 (2) ). So it can measure the shape of the limb of a supine patient.
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Masayoshi Matsuura 1 , Yutaka Tomita Fig.3 The model of the system using the light-section method. (1): The light-section method is that the object is illuminated by the laser light and the light image on patient's limb is taken by the camera then the distance from the camera to the object is calculated by trigonometrical method [3] . The size of the system is reduced by using mirrors. (2): By using a mirror, it became small as the whole equipment. The dotted lines show the size of the equipment without mirrors. The size of a lengthwise direction does not change.
Expansion of observable area
The units of the camera and the line laser were set at the upper part, because of the size reduction of the equipment and its suitable shape. In order to illuminate and observe the image in the area which is in contact with the bed, the mirror has been placed at the bottom of the equipment (Fig.4) .
The shape measurement
The light-section method was performed to the area which was observed. The area which was in contact with the bed was assumed to be flat. The cubic spline interpolation [4] was performed to the other unobservable parts (Fig.4) . Fig.4 The measurement of cross-section. We can observe the part (A) by the camera but not the parts of (B), (D) and (F). Using mirrors, we can observe the parts of (C) and (E). The parts of (A), (C) and (E), we can measure the cross-section of the limb by the light-section method. The part (D) is measured as a flat line. For these (B) and (F) parts, we used the cubic spline interpolation.
Results
In order to ensure the accuracy and the feasibility of usage, we prepared the models of 300, 500, 750 mm in circumference. We measured 5 times each model (Fig.5) .
The result of 15 measurements shows that circumference errors were smaller than 5 mm (Fig.6) , and the system was found usable. 
Conclusion
We developed the shape measurement system for edema which is used for the supine patients without contacting their limbs.
